The purpose of this study was to evaluate the impact of radioactive iodine therapy (RIT) on vocal function during the early follow-up period after total thyroidectomy (TT) using perceptive and objective measurements, questionnaires regarding subjective symptoms, and data on vocal function in a prospectively enrolled and serially followed thyroid cancer cohort. Methods: Of 212 patients who underwent TT and were screened between January and December 2010 at our hospital, 160 were included in the final analysis. Patients with the following histories were excluded: lateral neck dissection, organic vocal fold disease, external radiotherapy, and voice evaluation during thyroxine withdrawal. Patients were stratified into 3 groups: TT, TT with low-dose RIT (1.1-2.2 GBq), and TT with high-dose RIT ($3.7 GBq). Voice evaluations were performed before surgery and at 1, 6, and 12 mo after TT. Results: Vocal characteristics were altered after TT, including changes on the grade, roughness, and strain scale; increased amplitude perturbation; decreased fundamental frequency; narrowed pitch range; and global disturbances in subjective functional parameters on the voice handicap index. However, the degree of vocal changes among the 3 groups did not significantly differ within the 1-y postoperative follow-up period. According to the results of subgroup analyses of patients who demonstrated good voice outcomes after TT, there were no significant functional differences among the 3 groups. Conclusion: RIT at any dose does not affect vocal function within 1 y of TT.
Thyr oid cancer is the most common endocrine malignancy, and its incidence has continuously increased all over the world in recent decades. The most common types of thyroid cancer are papillary (80%) and follicular carcinoma (10%), which demonstrate excellent outcomes and 10-y overall survival rates of 90%-95% (1, 2) . This is partly attributed to the therapeutic role of adjuvant radioactive iodine (2) (3) (4) (5) (6) (7) (8) (9) .
Since the first attempt to treat differentiated thyroid carcinoma in 1946, radioactive iodine therapy (RIT) has played an important role in its treatment (10) . Radioactive iodine is administered to patients after complete gross surgical resection of differentiated thyroid carcinoma and remnant ablation or adjuvant therapy. Radioactive iodine ablation (or remnant ablation)-which refers to destroying residual, microscopically normal thyroid tissue-facilitates the interpretation of serum thyroglobulin levels and the sensitivity of detecting persistent carcinoma on a follow-up whole-body scan (6, 8, 9) . Adjuvant RIT can also eventually decrease the risk of recurrence and mortality (2) (3) (4) (5) 7, 9) . Many studies support the use of RIT to reduce the rate of recurrence and death (2) (3) (4) (5) (6) (7) (8) (9) .
The recent American Thyroid Association and National Comprehensive Cancer Network guidelines recommend that most instances of differentiated thyroid carcinoma-except subcentimeter, intrathyroidal carcinoma without regional lymph node metastasisbe considered candidates for RIT after a total thyroidectomy (TT) (11, 12) . However, despite the apparent benefits of RIT, this treatment may also cause several morbidities, including salivary gland disturbances, depending on the total radioactive iodine dose. Salivary dysfunction may develop earlier within the first year after RIT (13) (14) (15) (16) (17) (18) .
The voice is one of the most important human functions, and even subtle vocal changes can affect quality of life, particularly among professional voice users (19, 20) . Salivary dysfunction, which is occasionally induced by RIT, may also closely influence vocal function (21, 22) . The natural course of radioactive iodine on vocal function after TT has not been systematically studied, and we thus evaluated this in our current study in a prospectively and serially enrolled cohort of thyroid cancer patients (23) . Perceptive and objective measurements and questionnaires designed to yield data on subjective symptoms related to vocal function were used to evaluate this cohort. The results of early and 1-y postoperative voice analyses are presented.
MATERIALS AND METHODS

Patients
Between January and December 2010, 212 patients who underwent TT for differentiated thyroid carcinoma at our hospital were prospectively screened for this study with the following inclusion criteria: age of 25-80 y, history of TT for differentiated thyroid carcinoma, and no organic vocal fold disease such as nodules, polyps, or granulomas. The exclusion criteria included lateral neck metastases and a history of external radiotherapy. Patients were later excluded from the functional analyses if they had postoperative glottic disease, including recurrent laryngeal nerve palsy, or underwent voice analysis during the thyroxine withdrawal period for RIT, because both of these may decrease vocal quality. Eventually, 160 patients were eligible for inclusion in the analyses. All participants provided written informed consent according to the policies and procedures approved by the institutional review board of the National Cancer Center, Korea (NCCNCS-09-294). Patients were stratified according to the received radioactive iodine dose; that is, TT, TT with low-dose RIT (1.1-2.2 GBq), or TT with highdose RIT ($3.7 GBq).
Treatment
All surgical procedures were performed by 3 experienced thyroid surgeons, as described previously (23) . Prophylactic or therapeutic central neck dissection, which included the pretracheal, prelaryngeal, and bilateral paratracheal nodes, was performed on all patients. RIT was recommended 2-4 mo after surgery. Radioactive iodine was administered as a low-dose (1.1-2.2 GBq 1-2 times per year) or high-dose ($3.7 GBq) treatment, depending on the risk stratifications included in the guidelines of the American Thyroid Association, after a full interdisciplinary discussion (11) .
Videostroboscopy
At the follow-up examinations, videostroboscopy using a 70°r igid laryngoscope (model RLS 9100 B; Kay Elemetrics) was used to assess impaired vocal fold motility and other organic diseases, including nodules, polyps, and granulomas in the vocal folds.
Voice Evaluation
All enrolled patients were followed for more than 12 mo. All perceptive and acoustic measurements were performed by a single speech pathologist who did not know the clinical information. Evaluations were performed preoperatively and at 1, 6, and 12 mo after surgery. All patients also reported their answers to the subjective questionnaire at each time point. Perceptive voice quality was assessed using the grade, roughness, breathiness, asthenia, and strain (GRBAS) scale. Acoustic voice analysis was performed using the , and fundamental frequency (F0). Measurements derived from the VRP included the minimal (F min ) and maximal (F max ) fundamental frequencies. These procedures were repeated 3 times and averaged in each direction. The subjective questionnaire was assessed using the Korean version of the Vocal Handicap Index (VHI), which consists of a 30-item questionnaire and includes functional, physical, and emotional subscales. Each item on the VHI is scored on a 5-point scale (range, 0-4), and the highest score is 120 points. On the VHI scales, a higher score indicates a greater perception of functional disability.
Statistical Analysis
Continuous variables are presented as the mean 6 SD and were compared among groups using 1-way ANOVA. Categoric variables are presented as counts with proportions and were compared among groups using the x 2 test. Changes in voice outcome measures and differences among groups over time were calculated using repeatedmeasures ANOVA. Post hoc testing with the Bonferroni method was performed when appropriate. To compare the F0, F max , and F min , only female patients were included in this analysis because of baseline sex-related differences. In this study, P values of less than 0.05 were considered statistically significant. Analyses were performed using STATA/SE, version 10.1 (StataCorp LP).
RESULTS
Baseline Clinical and Vocal Characteristics
Our final study cohort consisted of 160 patients with a mean age of 48 6 10 y. The study series was divided into 3 groups: TT (n 5 54), TT with low-dose RIT (n 5 64), and TT with high-dose RIT (n 5 42) ( Table 1 ). The median age was similar among groups. Male patients were more common in the group receiving TT with high-dose RIT (P 5 0.001). Advanced T-stage (P , 0.001) and N-stage tumors (P , 0.001) were significantly more common in the groups receiving TT with low-dose and high-dose RIT than in the group receiving only TT. However, the operating times among the 3 groups were not different. Before thyroidectomy, all evaluated vocal parameters, including GRBAS scores, acoustic voice parameters (jitter, shimmer, noise-to-harmonic ratio, F0, F max , and F min ), and subjective VHI were similar among all 3 groups. Overall, the baseline functional parameters did not differ among groups.
Among the 160 enrolled subjects, no patient had a thyroxine level of less than 0.89 mg/mL or a thyroid-stimulating hormone level of more than 4.05 mIU/mL at any voice measurement (before or 1, 6, or 12 mo after TT). This finding suggested that biases in vocal function due to hypothyroidism would be minimal across the follow-up period.
Postoperative Voice Changes After Thyroidectomy
Analysis after TT revealed significant changes from the baseline values across several GRBAS, MDVP, and VRP parameters, as well as changes in subjective VHI scores; moreover, some of these impairments persisted for up to 12 mo. On the GRBAS scale, the overall grade and roughness parameters significantly increased during the 1-y postoperative follow-up period (P , 0.001). The strain parameter also increased at 1 mo after TT but normalized thereafter (Table 2 ). Similar to the perceptive scale, the acoustic parameters measured using MDVP and VRP also demonstrated functional impairment. Regarding the MDVP parameters, shimmer and F0 remained significantly impaired through all follow-up sessions. Meanwhile, jitter and noise-to-harmonic ratio did not demonstrate significant postoperative changes. All VRP parameters, including F max and F min , decreased after TT. According to the subjective questionnaire, VHI demonstrated results that were in agreement with the perceptive and acoustic changes through all follow-up examinations. VHI significantly increased after surgery and persisted through 1 y after surgery.
Effects of RIT on Vocal Quality After TT
The RIT dose had no significant effect on vocal function during the treatment course. At all time points there were consistently no significant differences among the 3 groups in terms of GRBAS, acoustic parameters, or subjective VHI scores (Table 3) . Because this lack of significant functional differences among groups could be due to bias and the functional consequence of the surgery itself, we further analyzed subgroups that were divided by vocal status at 1 mo after TT (i.e., the time point before RIT) with the expectation that this would allow us to better focus on the unbiased effects of RIT on vocal function. Thus, we divided the subgroups by their immediate postoperative vocal outcomes using 3 vocal parameters. The group with good voice outcomes was defined using the following criteria based on modification of a previous study: in terms of the perceptive scale, a less than 2 point increase on GRBAS from baseline (DGRBAS); in terms of acoustic parameters, less than 2 acoustic parameters demonstrating significant changes of 11% or more from baseline (Dacoustic); and in terms of the subjective questionnaire definition, fewer than 20 changes in VHI from baseline (DVHI) (24) .
This subgroup analysis also showed that there were no differences in vocal quality among the 3 treatment groups over time within the group with good voice outcomes. There were no significant differences in terms of grade, roughness, or strain (Fig. 1 ) or in terms of F max , F min , F0, or shimmer (Fig. 2) in patients with good voice outcomes, according to the DGRBAS and Dacoustic parameters ($11%), respectively. The VHI results were in line with the GRBAS and acoustic parameters. There were no differences among the 3 groups in patients with good voice outcomes, as defined by DVHI, throughout the study period (Fig. 3) .
DISCUSSION
Although administration of less treatment for thyroid cancer may affect vocal function less, most studies evaluate the functional effects of surgical treatment, and as we previously reported, the surgical extent affects vocal outcomes after thyroidectomy (23) . Vocal impairments could be due to an injured recurrent or superior laryngeal nerve, and vocal fold edema could be due to excessive tracheal traction, disrupted laryngeal venous drainage, dysfunctional strap muscles, or laryngotracheal fixation after the surgery (25) (26) (27) (28) . On the other hand, little is known about the functional consequences of RIT, particularly in terms of vocal function. In our current study, we focused on the exclusive effects of RIT on vocal function in a controlled cohort, and we tried to maximally exclude other biases such as the effects of surgical extent (23) . Because the indications and doses for RIT are now being reestablished for revised guidelines on differentiated thyroid cancer, these data could more precisely predict the functional consequences of contemporary treatment strategies.
To minimize possible biases that result from differences in surgical extent, only patients who underwent TT were included in our current analysis. Moreover, we excluded patients if they had postoperative glottic diseases such as vocal cord palsy, because these can decrease vocal quality. We also excluded patients who underwent voice evaluations during the thyroxine withdrawal period because an insufficient thyroid hormone status may decrease vocal quality by causing edema of the subepithelial space (29) . Our data indicate that almost all of the 160 prospectively enrolled patients who underwent TT presented with vocal problems and that the vocal qualities of these patients remained impaired even at 12 mo after TT (23) (24) (25) (26) (27) . However, our study findings also consistently show that additional RIT did not affect vocal quality, at least during the 1-y follow-up period, and did not demonstrate any dose-dependent effects of radioactive iodine on vocal functions. Serial GRBAS evaluations throughout the study revealed a worsening in the grade, roughness, and strain parameters, but these differences were not significantly different among our 3 RIT study groups. The acoustic parameters also demonstrated similar changes in our study subjects. The F max and F min values of the VRP parameters remained impaired after surgery, but there were no functional differences at any time point. Of the MDVP parameters, F0 and shimmer (which reflect voice changes after surgery) did not demonstrate differences among the 3 groups either. The subjective VHI scale agreed with the perceptive and objective parameters. Global VHI disturbance was observed during the postoperative follow-up period, but this impairment was not affected by the RIT dose. To minimize surgery-driven biases and focus on the unbiased functional effects of RIT, we further analyzed subgroups that were divided by vocal status at 1 mo after TT, which is the time point before RIT. We assumed that the impact of surgery on vocal quality would be significant enough to mask the additional effects of RIT. In this step, we used postoperative 1-mo vocal status as the standard for comparison (24) . Of note, this subgroup analysis also revealed that RIT did not affect vocal functions through 1 y after TT. By any definition of good voice outcomes, comparison of the 3 groups classified according to RIT dose did not reveal any functional differences. This finding is in line with a previous study on the impact of RIT on vocal quality in patients with Graves disease (30) . Recent studies also report no statistical differences in hoarseness associated with RIT dose (31, 32) . Our present data consistently indicate that RIT has little functional impact in immediate postoperative settings, even on comprehensive voice evaluations that assess perceptive, acoustic, and subjective parameters. However, this finding should be interpreted with caution because salivary gland dysfunction may progress over time after RIT (13) (14) (15) (16) (17) (18) . Theoretically, RIT may increase the risk of dysphonia because it can affect salivary function. RIT can induce obstructive sialadenitis and, consequently, salivary gland dysfunction. Salivary dysfunction after RIT is reportedly highly prevalent (15) (16) (17) (18) . Altered salivary flow may affect vocal function because the hydration status of the larynx can affect vocal function and phonatory efforts (21, 22, (33) (34) (35) . Because RIT-induced xerostomia usually develops 1 y after RIT, it is possible that the longterm effects of RIT on the voice may differ at this time point. Given these notions, long-term follow-up studies on our current cohort are needed.
Despite the limitations of our current data, our study still provides comprehensive evidence of the slight impact of RIT on vocal function within 1 y after TT. Most voice impairments occurred during the early postoperative follow-up period, and the major determinant of vocal quality was surgery-driven early vocal status (29) . RIT did not affect vocal function in a dose-dependent manner. Patients with good voice outcomes at 1 mo after surgery mostly maintained their vocal quality, which was not worsened by RIT. Hence, meticulous functional surgery is the major determinant of optimal vocal outcomes, and RIT has little additional impact. Further studies on the long-term impact of voice impairment due to sialadenitis-related xerostomia are warranted to validate and expand our current results.
CONCLUSION
Although vocal characteristics were altered after thyroidectomy, further addition of radioactive iodine at any dose within 1 y after surgery had little impact on vocal function. Because RIT may have been thought of as being detrimental to phonation, our findings may lessen concern about its administration after thyroidectomy.
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